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@ Detection of viruses by amplincation and hybridization. 

@ ThQ presence or absence of a nucleic acid sequence 
associated with one or more related viruses in a sample 
containing one or more nucleic acids and suspected of 
containing such sequence can be detected by amplifying the 
sequence using primers to form extension products as 
templates and detecting the amplified product if it is present. 
This may be accomplished by adding a labeled hybridization 
probe to the amplified product either free in solution or after 
immobilisation on a solid support. Preferably the virus con- 
stitutes AIDS viruses and heapdnaviruses. 
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Description 

DETECTION OF VIRUSES BY AMPLIFICATION AND HYBRIDIZATION 

The present invention relates to a process for detecting the presence or absence of a conserved, identifying 
nucleotide sequence of a virus. This invention also relates to a kit for such detection having primers and a 
5 ipbeled l^ybridizaticn probe. 

The acquired immune deficiency syndrome (AIDS) is a transmissible disorder of the cellular immune system 
resulting in frequently •fatal opportunistic infections or neoplasms. In addition. AIDS is frequently complicated 
by central nervous system dysfunction. The aetiologic agent(s) responsible for this disease has been identified 
as a human retrovinhs and designated as human T cell leukemia virus III (HTLVill). lymphadenopathy associated 

W virus (LAV or l_AVA), and AIDS-associated virus (ARV-2). More recently, these viruses have been collectively 
referred to as human immunodeficiency virus (HIV). The isolates from the various laboratories represent 
identical or closely related viruses by numerous criteria (i.e.. morphology, immunological cross-reactivities of 
envelope and nucleocapsid proteins, nucleotide sequence, and entr/ into helper T cells using the T4 antigen). 
A simian virus isolated from chimpanzees ancTmacaques surering from symptoms indistinguishable from 

/5 AIDS in humans is also closely reiatea by tnese same criteria. P. J. Kanki et al.. Science. 230:951-954 (1985). 
One of the more intriguing observations about the viruses associated with AIDS is theirTesemblance to the 
mature virion of subfamily Lentiviridae. Members of this pathogenic but non-oncogenic viral group include 
visna virus, and equine infectious anemia virus. The similarities betv/een the AIDS-associated viruses and 
lonliviruses include virion morphology, immunological cross-reactivity, nucleotide sequence, brain localiza- 

20 tion, replication, and marked heterogeneity. 

The cun-ent immunodiagnostic tests to identify sera with antibodies to the AIDS-associated virus(es) (see 
U.S. Patent No. 4,520,1 13 to Gallo et al.) are being used in blood banks to eliminate potentially infectious blood. 
See also WO 86/01834 published March 27. 1986 (University of California) for retroviral polypeptides useful in 
preparing monoclonal antibodies to detect retroviruses in the HTLV family. Becau:^c the similarities of the 

25 AIDS-associated viruses and lentiviruses. in general, or visna specifically, may extend to the ability of the 
• vinjs(es) to reside as a DNA copy without producing significant quantities of viral particles, a direct 
immunological approach to detect AIDS-associated viruses may prove unsuccessful in a significant fraction of 
persistently infected asymptomatic individuals. Because the number of virus panicles in the infected tissues 
and blood may be few (due to viral quiescence), direct detection of viral particles or RNA/DNA may be difficult. 

30 if not impossible, without co-culturing the infected cells with a permissive T cell line. Even with co-cultivation, 
the number of individuals infected by HIV as indicated by virus isolation is an underestimate of the true number 
of infected individuals; virus from only 50o/o AIDS patients. 85o/o of ARC. and 30% of tieallhy tridividuals at risk 
for AIDS was isolated ,(Salahuddin et al., PNAS USA. 82. 5530-4 (1985)). 

Saiki et al.. Science . 230 . 1350-1354 (1985) describes a process for amplifying nucleic acid sequences to 

35 facilitate detection thereof, as by using a labeled RNA or DNA hybridization probe. In this process primers are 
used to obtain primer extension products which are used as templates to synthesize additional 
complementary strands in the presence of nucleotides. The Saiki et al. article also descnbes a technique 
whereby after a probe is hybridized to the desired sequence, a restriction enzyme is added to cleave the hybrid 
at a site within the desired sequence, and the restriction digest is then analyzed for labe!ed?lfragments. Saiki et 
al . .-" BiotT2'chnotogy; -3~1006- 1012 (1985) describe this latter technique in greater detail. 

A review article by Landry et al.. Clin. Lab. Med. (1985) 5. 513-529 describes the field of nucleic acid 
hybnld5aiion*as"appired jo virus detection. WO86/01535 published March 13. 1986 and EP 173.529 published 
March 5. 1986 disclose molecular cloning of HTLVlll and use of the clone as a probe to detect AIDS., Further. 
EP patent pubfications 173,339, published March 5, 1986 discloses a genetic analysis using a DNA probe to 

45 detect infections*tjy foreign microbes. EP 185.444. published June 25, 1986. discloses a recombinant peptide 
for usaasT'pr56e*Tardet'ect the HTLVili virus in cell lysates. Oncor Inc. announced in September. 1986 that it 
has developed a radioactive blood test to detect the AIDS virus. U.S. Patent No. 4.591,552 discloses use of a 
labeled peptide to detect the presence of an antigen in a sample, particularly hepatitis B. 
4Jsai3£^al^tbGriJ7atina probe to detect latent viruses such as AIDS and other viruses may allow identification 

50 of ififos^lndivtduais^who are persistently infected but are not producing virus or individuals who are antibody 
negg.tge j?trl cult una- positive, and to detect infected cells without the need to culture the virus. Increasing the 
viraHTtrrteicr^CTdr^:>p7TTum of the virus by amplification will facilitate the identification of viral nucleic acid in 
infected indn/iduals. 

The present invention involves a process for delecting or monitoring for the presence or absence of a 
55 nucleic acid sequence which is substantially conserved among the nucleic acids in a virus and specific to the 
nucleic acids in such virus' and which nucleic acid sequence is suspected of being contained in a sample, 
which process comprises: 

(a) treating the sample, together or separately, with an oligonucleotide primer for each strand of the 
nucleic acid sequence, four different nucleoside triphosphates, and an agent for polymerization, under 
60 hybridizing conditions, such that for each strand of the nucleic acid sequence an extension product of 

each primer vz synthesized which is complementary to each nucleic acid strand, wherein said pnmer(s) 
are substantially complementary to each strand of the nucleic acid sequence being detected or 
monitored, such that the extension product synthesized from one primer, wfien it is separated from its 
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- •complen.ent, can serve as a template (or synthesis o( the extension pn^duct o( the other nrimpr- 

(b) treating the sample under denaturing conditions- omer primer. 

(c) treating the product of step (b) with oligonucleotide primers such ihat a onmer extension h . ■ 
synthesized using each of the single strands produced In sten fh» n ilmln; " ^'^'ension product is 
of the specific nucleic acid sequence or sequencS preseirand ' '"'"'""^ amplification 

(d) determining if the sequence to be detected is present in the sample 
Preferably the sequence is in HIV (AIDS) and hepatitis B vimses 
On way to detect the product is by adding to the product of stco fcl t l-,hr.i--.H k 

w„h .he amplified nucleic acid sequence; and determining wither Se It 1 hvK ^ °' '^'"''''^'"^ 

.he prob'e ■Ind' "^""^^ ' '''''^'''^ ^^^^ --^"-"^ ^ site wlth^nlh^e sequences in 

prfsLS^r/he^ir^q^^LTo^recS^^ ' ^"^^^ 

treaf^s acTuSrmrro??hen"rrdl a^^ "1^^^^^'^°"^ ^° ^^^'^ ^^'"^ 

abrc^Sf^; n:c^lra::d^' q^:e— 

specific .0 the nucleic acids ,^ a virus aid whl^l^cSa'c d seq^^^^^^ ^ 

sample, which kit comprises: ' sequence is suspected of being contained in a 20 

(a) one oligonucleotide primer for each strand of Ihp nuripfn nr^.n .-^^ 

primer or primers are subsfan.ia.ly complemen.a^ to each 3. nd oZc'.VJ'cZ ^^ich 
such .ha. an extension product synthesized trombone .Zl Z^n S]^^^^^^^^ 

(b) a labeled probe capable of hybridizing with the nucleic acid sequence """^ 
Preferably, the kit also contains an agent for polymenzation. four different nucleotide- and 

delecting hybrids of the probe and sequence. nucieotideo. and 



a means for 
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15 



The lost kit heroin may be used in research tests clinini tn-t- -,nH ,^th„. 
w,,l, .armus iherapouiic agenis lo resolve me inlection momionng pa„„„,= uo,<oa s, 

j3faS,;~ranr^^^^^^^^^^ 

include HiV. hepalilis B virus herpes vLses hecam^rA 1' k &ar"ptes ol sech viruses 

e,c Preferred viruses here,n are Are and hep 'ffls B ^P^'''"-"'" vin-s, 

d.cuss,on relales ,o .ne HiV an^.epa„„s r.SUS2"puTc?u"rr redraTv^'iru^'aitS 

virus ,„ use tor deioCng". signSlcanTr'acSoronn? ^e" T^^^^^^^^ T 
number of individuals sufficient to make the te^t rti^n^r..,t n significant fraction is Ihat 

ARV. HTLVIll. LAV and L^VA have beer^ seauencS^nH r ' """^"l^^^'^'^ '^^^'^.e. Currently four HIVs. 
viruses that infect woodchucks, ground .qu ire s ^'rc' ^hVvr.^^ ^^T^^ - -'--^ 

their associated variants are designated herein as A^DS druses - and ^^"^ h " ^'^^ 
hepatitis 8-ralated viruses that infect woodohucks. ground squ'rera^^^d^L a^^^^ 'TA'''' ''^ 
■hepadnaviruses.- The sequence to be amplified 'also mu^rbt s^^^ c 'o Z aS" 
hepadnaviruses, i.e.. not react with HTLVI or HTLVIl or other nonA^c; ^ °' '° 

non-hepadnaviruses. respectively. non-AIDS viruses, or not react with 

The entire genome of the four HIV isolates and their variants i- nrm.rioH k c u r, ^° 
science. 227, 484-492 (1965) for ARV; S.arcch e. al.. Sctnce S^^^^^^ ^' 
al.. Cell. 4_0. 9-17 (1985) for LAV; and Mues.ng el al., N^3Tr.5o!.^, cfr^'"/^ " 
concensus that the.o viruses are all variants of th,r:a„u. —■un l^aJ '' ^ "^^y^^-Th^re ,s a general 
species. I.e.. ihcy have no variants. ^ ^ completely conserved w.thm a 
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The entiTe genome of the duck hepatitis 8 virus is provided in J. Virol. . 49:782-792 (1984). nnd the human and 
woodchuck virus genomes are provided in the references cited in the J. vTrol. paper. The entire genome of the * 
ground squirrel hepatitis B is provided in J. Virol; , 41:51-65 (1982). 

The term "substantially conserved' as applied to the sequence to be detected signifies that the sequence 
5 must be sufficiently complementary to the nucleic acids in the virus being detected to initiate polymerization at 
least at room temperature in the presence of an agent for polymerization and the four nucleoside 
triphosphates. 

The primers used will be oligonucleotides of anyTength and sequence so as to provide specific initiation of 
polymerization on a ^significant number of nucleic acids in the virus. Specifically, the term >nmer" as used 
10 herein refers to a molecule comprised of two or more deoxyribonucleotides or nbonucleotides. preferably 
more than three, which is capable of acting as a point of initiation of synthesis when placed under conditions in 
which.synthesis of a primer extension product which is substantially complementary to a nucleic acid strand is 
induced, i.e.. in the presence of nucleoside triphosphates and an agent for polymerization such as DNA 
polymerase and at a suitable temperature and pH. The primer is preferably single stranded for maximum 
15 efficiency in amplification, but may alternatively be double stranded. If double stranded, the primer is first 
treated to separate its strands before being tised to prepare extension products. Preferably, the primer is an 
oligodeoxyribonucleotide. The primer must be sufficiently long to prime the synthesis of extension products in 
the presence of the inducing agent for polymerization. The exact lengths of the primers will depend on many 
factors, including temperature, buffer, nucleotide composition and source of primer. For purposes ticrein. the 
20 olinonuclGotide primer typicnlly contains 15-25 or more nucleotidos. although it may contain fewer nuclootidos 
W the virus constitutes the AIDS viruses, preferably the pnmers are from the gag region. If the virus constitutes 
the hepadnaviruses. preferably the primers are from the polymerase or envelope genes of those viruses. 

The primers herein are selected to be "substantially" complementary to each strand of the specific 
sequence to be amplified. This means that the primers must be sufficiently complementan/ to hybridize with 
/5 'h respective strands under conditions which allow the agent for polymerization to perform, i.e.. the pnmers 
have sufficient complementarity with the sequence of the strand be amplified to hybridize therewith and 
thereby form a template for synthesis of the extension product of the other primer. Preferably, the primers 
have exact complementarity with the strand. 

One may select the sequence being amplified from among the regions that are substantially conserved 
30 among the -related viruses of interest. Therefore, the primers and probes may be identified by any suitable 
moans. This may be done manually by comparing the regions of the published nucleic acid sequences of the 
relevant viral genomes, e.g., the tour AIDS viral genomes and the four hepatitis B genomes. 

Another more convenient method is to use a computer program to compare the sequences. For this 
purpose, a commercial program with the underlying computer algorithm supplied by National Biomedical 
35 Research Foundati.gn using a dot matrix may be conveniently employed. This program involves inputting the 
nucleic acid sequences of the various related viruses of interest and defining a window size for base pair 
homology. The program employs graphics to compare the sequences on different axes, and a dot appears 
where there is at least substantial homology. Preferably, the window size is greater than six bases. 

For the AIDS viruses, a dot matrix program reveals that the gag region of the genome (see Figure 1). also 
40 known as the nuclcocapsid gene, is most conserved among the coding regions in the four variants. The next 
most conserved coding region i's the pol region, followed by the env region of the genome. Because gag is 
most conserved among the coding regions, it is the preferred region from which to select primers and probes 
for detecting the sequence. 

Regions of the viral genome that do not encode proteins can also be used to determine a sequence for the 
45 primers to be used. For purposes herein, to maximize sensitivity and specificity, the sequence being detected 
is homologous with a sequence of a length sufficient to allow specific priming which is substantially conserved 
among the related viruses, particularly at the restriction cleavage site if a probe and restriction enzyme are 
employed. 

The techniques used for amptifving and thereafter detecting the product are described in detail in Saiki et al., 

50 Biotechnology, supra and Saiki et al.. Science , supra . In general, the amplification process involves an 
enzymatic chain reaction for preparing, in exponential quantities relative to the number of reaction steps 
involved, a specific nucleic acid sequence, given that the ends of the required sequence are known in 
sufficient detail that oligonucleotide primers can be synthesized which will hybridize to them, and that a small 
amount of the sequence is available to initiate the chain reaction. One primer is complementary to the negative 

55 (-) strand and the other is complementary to the positive ( -f ) strand. Annealing the primers to denatured 
nucleic acid followed by extension with an enzyme such as the large fragment of DNA Polymerase 1 (Klenow) 
and nucleotides results in newly synthesized -h and - strands containing the target sequence. Because these 
newly synthesized sequences are also templates for the primers, repeated cycles of denaturing., primer 
annealing and extension results in exponential accumulation of the region defined by the primer. The product 

60 of the chain reaction will be a discrete nucleic acid duplex with termini corresponding to the ends of the 
specific primers employed. 

The amplification process is illustrated diagrammaticaliy below, where double-stranded DNA containing the 
desired sequence [S] comprised of complementary strands [S^-] and [S-] is utilized as the nucleic acid. 
During the first and each subsequent reaction cycle extension of each oligonucleotide primer on the original 

65 template will produce one new ssDNA molecule product of indefinite length which terminates with only one of 
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The long products thus prodgcM «,,« ael asi.mLT. ,L „ t ° """"" °' 'f'"^- 

Will also function as templates for one or the other of iho oii^o„ °f 'S-) These molecules , 

tnus a Chain reaction can be susta.ned which wi l resu , in ih^arc^I^^ T"' ' ' ' >• ^ 

10 the number of cycles • accumulation of [S] at an exponential rate relative 

[S-l 3' 1 I I I I I I 11 1 YYYYYYYYYYGGGGGGGGGG 5' 
The appropriate oligonucleotide primers would be- 
Primer 1: 3' GGGGGGGGGG S' 
Primer 2: 5' AAAAAAAAAA 3' 

....22zz2zzzzz22zzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzz2Zzzz2^z ' 
....zz2Z22zzzzzzz2Z2rrrrTTrmYYYYYYYYYYGGGGGGGGGG22222^zzz2'224^'^''^ 



is separated into single strands and its single strands are hybridized trPrimers 1 and ? ,h» , • 
extension reactions can be catalyzed bv DNA Dolvm,=r=.co .k1 f-nmers 1 and 2, the following 

triphosphates: ^ polymerase ,n the presence of the four deoxyribonucleoside 



3' 



5' 

3' 

. . . -zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz. . 
original template strand"^ 



20 



25 



30 



^'^^<^'^^^-< ^GGGGGGGGGG Primer 1 

....2Z2222Z2Z2222222AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC2222ZZZZ^2Z22Z22 

original template strand+ ^^'"^^^-^2.2222222.... 
original template strand - 

....22Z2222ZZ22Z2222I-I I I I I II M YYYYYYYYYYGGGGGGGGGG2ZZZ222Z222Z222Z.... " 

Primer 2 AAAAAAAAAA -^extends 

5' 3' 

On denaturation of the two duplexes formed, the products are: ^ 

....zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG ' 
newly synthesized long product 1 



45 



50 



....zzzzzzzzzzzzzzzzTTTiTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzz-v.. 
original template strand" ""^ 



3' 

AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCZZ2ZZ2ZZZZZZ2ZZ7.... 
newly synthesized long product 2 

If those four strands are allowed ,0 rohybrio.ze with Pnmers , and 2 ,n the next cycle, the agent for SS 
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polymerization will catalyze the following reactions: 

5 Primer 2 5' AAAAAAAAAA" ^extends to here 

3' ZZ2Z2ZZZZ2ZZZZZZ2ZTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 

ne^ly synthesized long product 1 ' 

extends^e^ ■ -GGGGGGGGGG 5' Primer 1 

5'.,.,.z2ZZ2ZZ2Z2zzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzz2ZZZZ22zz2ZZ 3* 
original template strand 

Primer 2 5' AAAAAAAAAA ^extends 

3 ' . . . •ZZ2Z2222Z22ZZZZZZZTTTTTTTTTTYYYYYYYYYGGGGGGGGGG2ZZZZZ2ZZZ 5 ' 
original temp 1 ate strand" 



15 



20 



extends to here<^ — GGGGGGGGGG 5' Primer 1 



5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCZZZZZZZ2ZZ2Z2Z2Z..3' 
;?5 newly synthesized long product 2 

If the strands of the above four duplexes are separated, the. following strands are found" 
5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3' 
newly synthesized [S-] 

3' ....zzzzzzzzzzzzzzzzzzzl t 1 1 I M I I 1 YYYYYYYYYYGGGGGGGGGG 5' 
30 first cycle synthesized long product 1 

3' ...^zzzzzzzzzzzzzzzzzi 1 li II I i 1 1 YYYYYYYYYYGGGGGGGGGG 5' 
newly synthesized long product 1 

5' ..-2ZZ222Z222ZZZZZ22ZZAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCZZZZZ2ZZZ....3' 
original template strand + 

35 AAAAAAAAAAX XXXXXXXXX CCCCCCCCCCzzzzzzzzzzzzzzzz.. 3' 

3'..zzzz2zz2zzzzz2zl'"l 1 1 1 1 1 t 1 1 YYYYYYYYYYGGGGGGGGGGzzz2zz2zzzzz2zz2...5' 
onginal template strand- 
s' I I I I M t I t t YYYYYYYYYYGGGGGGGGGG 5' 
newly synthesized [S-] 

5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCZZZ22ZZZZ2ZZZZZ...3' 
first cycle synthesized long product 2 

It is seen that each strand which terminates with the oligonucleotide sequence of one primer and the 
complementary sequence of the other is the specific nucleic acid sequence [S] that is desired to be produced. 
The steps of this process can be repeated indefinitely, being limited only by the amount of Primers 1 and 2 
45 inducing agent and nucleotides present. The amount of original nucleic acid remains constant in the entire 
process, because it is not replicated. The amount of the long products increases linearly because they are 
•produced only from the original nucleic acid. The amount of the specific sequence increases exponentially 
Thus, the specific sequence will become the predominant species. This is illustrated in the following table 
which indicates the relative amounts of the species theoretically present after n cycles assuming lOQO/o 
50 efficiency at each cycle. 
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.•iu>-^ber of Double Strands 
After 0 to n rvr1p<: 



0 
1 
4 
26 
1013 
32,752 
1 .048,555 
(2^-n-l) 



0 


1 

L 




1' 


. 1 


1 


2 


1 


d 


-J 
J 




3 


5 
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1. 
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10 
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10 


15 
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15 


20 
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20 


n 
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35 



^0 



80:3618-3522 (1983). would comprom.se the test for AIDS ' ' ' ■ ^ 

the DNA polymerase referred to as the Klonowrgment This m^be acS^^^^^^^^^ °' 

in,:r^,n:reS.f r'e sr,ron '"^"^'^ °' ^ -^'^^-^ ^^Vme, .he pro.e must have an SO 

.^Z^t^sT::^^^^^^^^ -.hod. soch as. for example. ,he 

such automated embodiment d e.hylpSSraSlf.t h ^ °' automated embodiments thereof. In one 
as described by Beaucage et al.. ?eTr:hero Te^^'^^ ^^^^^^^^^ 

acSs^^-^SLltr ^- acid or 

the virus lobe d.,;;:; T;: " ^P^'^'f^-^ ""^'^i^^ acid sequence associated with 

lcmpla,e.em,mBsand/„condi°„„,opNS^Io f°.e?^efrSsc^^ J * '° " ' 
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amplified may be only a fraction of a larger molecule or can be present initially as a discrete molecule, so that f 
Itie specific sequence constitutes ttie entire nucleic acid, it is not necessary that the sequence to be amplified 
be present initially in a pure form, it may be a mino^ fraction of a complex mixture, such as a portion of the 
virus-encoding gene contained in whole human DNA. The starting nucleic acid may contain more than one 
5 desired specific nucioic acid sequence which may be Ihc same or different Therefore, the preseni process is 
useful not only for producing large amounts of one specific nucleic acid sequence, but also for amplifying 
simultaneously more than one different specific nucleic acid sequence located on the same or different nucleic 
acid molecules. 

The nucleic acidfs) may be obtained from any source, for example, natural DNA or RNA from higher 
W organisms such as animals. DNA or RNA may be extracted from a bodily sample such as blood, tissue material 
such as chorionic villi, or amniotic cells by a variety of techniques such as that described by Maniatis et a!.. 
Molecular Cloning (1982). 280-281. 

If the sample is impure such as plasma, serum or blood, before amplification it may be treated with an 
amount of a reagent effective to open the cells, fluids, tissues, viral capsids or animal cell membranes of the 
15 sample, and to expose and/or separate the strand(s) of the nucleic acid(s). This iysing and nucleic acid 
denaturing step to expose and separate the strands will allow amplification to occur much more readily. In 
addition, the AIDS virus need not be cultivated in the sample before the sample is treated with the amplification 
reagents. The sample may be centrifuged to obtain buffy coats, which are then passed through a column to 
obtain leukocytes. The leukocytes may then be treated to extract the nucleic acids therefrom for use as the 
20 sample to be amplified. 

Any specific nucleic acid sequence can be produced by the present process. It is only necessary that a 
sunicient numiber of bases at both ends of ihe sequence be known in sufficient detail so that two 
oligonucleotide primers can oe prepared which will hybridize to different strands of the desired sequence and 
at relative oositions along the sequence such that an extension product syciihcsized from one primer, when it 
25 is separated from its template (complement), can serve a.- a template for extension of the other primer into a 
nucleic acid of defined length. The greater the knowledge about the bases a? both ends of the sequence, the 
greater can be the specificity of the primers for the target nucleic acid sequence, and thus' the greater the 
efficiency of the process. It will be understood that the word primer as used hereinafter may refer to more than 
one pnmer. particularly in the case where there is some ambiguity in the information regarding the terminal 
30 sequencefs) of the fragment to be amplified. For instance, in the case where a nucleic acid sequence is 
inferred from protein sequence information a collection of primers containing sequences representing all 
possible codon vanations based on degeneracy of the genetic code will be used for each strand. One primer 
trom this collection will be substantially conserved with the end of the desired sequence to be amplified. 
The specific nucleic acid sequence is produced by using the nucleic acid containing that sequence as a 
35 template. If the target nucleic acid sequence of the sample contains two strands, it is necessar/ to s^fparate 
the strands of the nucleic acid before it can bo used as the template, either as a separate step or 
i:imultaneousiy with the synthesis of the primer extension products. This strand separation can be 
accomplished using any suitable denaturing conditions, including physical, chemical of enzymatic moans, the 
word ^denaturing" used herein to include at! such means. One physical method of separating the strands of 
40 the nucleic acid involves heating' the nucleic acid until it is denatured. Typical heat denaturation may involve 
temperatures ranging from about 80 to'lOS^C for times ranging from about 1 to 10 minutes. Strand separation 
may also be induced by an enzyme from the class of enzymes known as helicases or the enzyme RecA. which 
has helicase activity and in the presence of hboATP is known to denature DNA. The reaction conditions 
suitable for separating the strands of nucleic acids with helicases are described by Kuhn Hoffmann-Berling. 
45 CSH-Quantitative Biology . 43:63 (1978), and techniques for using RecA are reviewed in C. Radding, Ann. Rev. 
Genetics . 25:405-37 (1982). 

If the original acid containing the sequence to be amplified is single stranded, its complement is synthesized 
by adding one or two oligonucleotide primers thereto. If an appropriate single primer is added, a primer 
extension product is synthesized in the presence of the primer, an agent for polymerization, and the four 
50 nucleoside triphosphates described below. The product will be partially complementary to ihe singie-stranded 
nucleic acid and will hybridize with the nucleic acid strand to form a duplex of unequal length strands that may 
then be separated into single strands as described above to produce r.vo single separated complementar/ 
strands. Alternatively, two appropriate primers may be added to the single-stranded nucleic acid and the 
reaction carried out. 

55 If the onginal nucleic acid constitutes the sequence to be amplified, the primer extension product(s) 
produced will be completely or substantially complementary to the strands of the original nucleic acid and will 
hybridize therewith to form a duplex of equal length strands to be separated into single-stranded molecules. 

When the complementary strands of the nucleic acid or acids are separated, whether the nucleic acid was 
onginally double or single stranded, the strands are ready to be used as a template for the synthesis of 

60 additional nucleic acid strands. This synthesis is performed under conditions allowing hybridization of primers 
to templates to occur. Generally it occurs in a buffered aqueous solution, preferably at a pH of 7-9. most 
preferably about 8 Preferably, a molar excess (for genomic nucleic acid, usually about \Q^ A primer-lemplate) 
of the two oligonucleotide primers is added to the buffer containing the separated template strands. It is 
understood, however, that the amount of complementary strand may not be known if the process herein is 

65 used for diagnostic applications, so that the amount of primer relative to the amount of complementary strand 
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cannot be determined with certaintv a nr;irhr-ii u 

,„ ™,a, excess „«, ,.e a„,ourco'„x:i™':ri„x::i^^^^ 

The deoxvnbonucleoside triphosphates dATP. dCTP. dGTP and TTP nre al^o n^Hnw ... u ' 
m>xiuro. either separalelv or tooether with thp onmpr- ,n nHon,,..„ ^ '° ■•y""^''='=5 

hoatod ,o abou, .0-,00-C for from aboul 1 IS iSZ 'p^eS, ^ Z "T."'"^ 

ponod the solution Is allowed to cool to room temoerat. rP wZh ! . ? "^""^ ''°=^""9 

.t.e cooled mixture ,s added an approprTaragTnrfor 4vc l^^h^ hybridl^at.on. To 

■agon, .or polyn,enza,ion-,, and ttfe'rerc^on s' ^ov^^d'o oc u' nde'Tondftfon'T" '"^"^'^ '"^'^"^ 

for polymenzation may also be added together with t e o h g nt 1 s\eTr,rbirTh ^^^^ ' 

syLtsiT/ r■:.e7L^srp.^c^^n^^^^^^^^^^ -7-''*°- - 

example. E. coli DNA polymerase I. Kleno^raZn t o, rcolfor^^^ T''"'" 
available DNA-polymerases, polymerase m ^n s re4?,°ns^^^^^^^^^^^ 

heat-stable enzymes (i.e., those enzymes which oerform ZZT , ^""y""'"' '"'='^'^''^9 

temperatures sufficiently elevated to cauTe denatation wh^ch w^Ln^^^^ k''"' '""^ ^^''^'^^'^'^ '° 
the proper manner to form the primer extension n nH,.;r t'^^^^ 

strand. Generally, the synthesis w 11 be in t ated "t Z rTnH I T """^-^'^"^""'^^ nucleic acid 

alon, ,„e ,en,pl/,e straJd, un,„ =yn.' S/rSl^l'efprodirj ^itCir^^V^ 

agents for polymerization, however, which initiate synthesis at th^S' end and n Sf^^^ I ""^^ 

using the =ame process as described above "^"^ direction, 

mo'L^^der ryPr^lztrconX ns%S^^^^ iriara^eT ' ^^^^'-stranded ' 

u,,ed in the succeeding steps of the pro":"' n Six, ' m ' , '^"'"'i' " '^V'"^ 

molecules ,f the target scquonce .s pro-ont " P'""^^""- "^'^'^ ^i^ovc to provide singre-stranded 

reaction mixture may%onta,n":;.;;rn ^ hfn : c ^cirsTrd "^^^^^ '^^ 
strand-separating enzyme (e q helicasel an annmn f,. strand(.) con,3,n,ng the desired sequence, the 

lor polymenianon. e g . Klenow Iragmera ol E_colj DNA ool,merase I ° 

pJ,U:i:™rfn:cScfj,;:re"^^r,'«.e;^^^^^^^ - 

temperature will depend on the temperature , rh mp L . °^ ^"^P'^Ved. The upper 

an ,nsutficient level of primer hybndiSltTwJl occur^ h T °^ temperature above which 

Kaledin et al., Biokhimiya. 45 544 S T MoT For t": o, ' , ' ^-^-^'^'e enzyme is described, e.g.. by A. S. 60 
have the. 3' .li^Tin^.B ba.f pl^ro' ^^ir ^ ^ t 'T^ oTl^ 

notwithstanding the initial presence of all the reagents A,,,.,,,ona nLna ^add^d ^"Z "'"""i;"' 
the appropriate length of time has passed to produce th. desired an o m ot -h^^^ ^^^'^ 
sequence, the reaction may be halted by inactivating thn .n -vinr 'n tZ un 

y "J ine (.n../mc., in any known manner or separating the 65 
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components of the reaction. 

The amplification may also be earned out using a temperature-cycling reaction wherein the temperature is 
continually increased to 90-105^ C to allow for denaturation and then decreased to 35-65" C or more to allow for 
extension and annealing using a heat-stable enzyme. In pi-actical terms the temperature simply raised to about 
5 95"C. lowered to about 65*^0 or to as low as 37''C and raised again to about 95"C. and the cycle is continued 
for the desired penod. 

In another embodiment of an automated process, the process of the present invention may be conducted 
continuously by cycling the reaction through a denaturing region, a reagent addition region, and a reaction 
region. In another cn^bodiment. the enzyme used for the synthesis of primer extension products can be 
W immobilized in a column. The other reaction components can be continuously circulated by a pump through 
the column and a heating coil in series, thus the nucleic acids produced can be repeatedly denatured without 
inactivating the enzyme. 

The amplified product may be detected by analyzing it by Southern blots without using radioactive probes. In 
such a process, for example, a small sample of DNA from. e.g.. peripheral blood lymphocytes containing a very 

/5 low level of the sequence associated with, e.g,. AIDS, is amplified, and analyzed via a Southern blotting 
technique. The use of non-radioactive probes is facilitated by the high level of the amplified signal. 

Another method of detection involves detection using a labeled probe capable of hybridizing with the 
amplified nucleic acid sequence and determining if the probe has hybridized. Such probe necessarily contains 
a substantially conserved nucleic acid sequence from the genome of the virus (for the AIDS virus. HTLVIII. 

20 ARV. U\V. LAVA, or a variant thereof) and is selected as described above for primers and amplified 
sequences. For AIDS, preferably the probe is selected from the gaq region of the AIDS genome. 

Cn 3uch probe method involves the oligomer restriction technique described in EP Patent Publication 
Mo. '64.054 publi'^hGd December 11. 1965. In this orocedure. the amplified nucleic acid is denatured and 
hybridized in solution to a labeled oligonucleotide probe which hybridizes specifically to the target sequence 

25 (spans the particular consen/ed region contained by the pnmers) and spans at least one restriction site of 
interest. The duplex formed between target and probe will reconstitute the restriction site, and when cleaved 
with restriction enzyme, such as e.g.. BstNl. Pvull. Ddel. or Oral, releases a labeled probe frag^nent which can 
be resolved from the full-length probe by ge! elecirophoresis. The resulting gel is then autcradiographed. 
Analysis of the amplified product by this method is rapid, i.e., results can be obtained in a 'few hours. 

JO Preferably, the probe is 30-50 bases long and is labeled. Also, preferably the restriction enzyme is BstNl or 
Pvuil if the sequence to be detected is from the AIDS virus and Dde! if the sequence to be detected is froin the 
hepadnavirus. 

Another method which may be used to analyze the amplified product is the dot blot method. In this method. 
Iho amplified samples are spotted directly on a membrane and hybridized with a labeled probe. The label may 
35 be dejected by spectroscopy, photochemistry or biochemical, immi.'nochtjrnical or chemical means. Examples 
include enzymes such as alkaline phosphatase, a radioactive label such as ^^P. a fluorescent label, or biolin. In 
one embodiment, the probe is a biotinylated probe in which the biotin is attached to a spacer arm of the 
formula: 



-Y-(CH2)2-0-r(CH2)^0l^-CM2CH2-N- 

45 where Y is O. NH or N-CHO. x is a number from 1 to 4. and y is a number from 2 to 4.' The spacer arm is in turn 
attached to a psoralen moiety of the formula: 




The psoralen moiety intercalates into and crosslinks a "gapped circle* probe as described by Courage-Tebbe 
et a! . Bit3chim. Biophys. Acta . 697 (1982) 1-5. wherf:;in the Jinglu-slranded hybridization region of the gapped 
circle spans the region contained between the pnmers. The details of this biotinylation and dot blot procedure 
65 are described more fully in commonly as.oigned U.S. f^alcnt No:; 4.582.789 and 4.617.2G1 The biotinylated 
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proBes eltniinatfi the nued for radioactive rsotopes. 



conditions, "in a reverse" doi blot format P^e-lreated membrane under hybridization 

^^^:~:n:':u:^~ --od descried a.ove, 

mutating viruses, it has the advan.r.geTha s ^e^^^^^^^^^ "'"^ "^'^'^ 

under wppropnate hybridizing condiLns vvhereas ^,;rrnomlr f r'" "•^-'=c,ed 
..ation..chres.ts,n..eibo,,shmen.ot,heT^^^^^^^^^^^ 

polymerization -o syn'thTsTze'^hVplTSte" o^prodtc Turfs^entmeV:""";" ^^'^ '^^ 

four nucleoside triphosphates, and a container with rneals to detect theTabei r.'.^T"" ""T' °' "° 

complex if the label is biotin). In addition the kit mav havP . ..n?. '^^el (such as an avidm-enzyme 

containing one or more nude c acids with a sequence of 1 IT .""^ ' 

container including a negative conirol without such hmh! "^^^^ Se^^"^^ °f '"'^rest (e.g., AIDS) and/or a 

each restriction en^moLpablc o ctrlra nuc?,.^^^^^^^^ ""^r"'" ""''^ ' 

in a sequence in the probe ^ '^""•^"^'"g the target sequence at a site contained 

temperatures are in degrees Centi^a^e u^nl^ LTe^Te in'^^^^^ ^^'^"^^ ^" 
EXAMPLE 1 

d"p::S/oXTgi' na^oS^^^^^^ -tamed from Or. 

identified as 134BK. 342. 357, X, 1 , 358H 207 307 308B 323 S and ^ao rl ' '^^'^^ 

pnmers and the probes were identified by the dot m^Mx oronr^m ^ f^^^^-^^s 'o be amplified, the 

^^a. 25 1 cdt"° '"""^ ^° 'y=i» ^""0' ( .% SOS. 

2. 400 III of :] 5 mq/itl Golutinn or proJpinaso K w^o -iwhoh n, ; 

I. Synthesis of Primers 

The following two oligodeoxyhbonucleotidG primers desianated <:;t<ni -.nH ci/no 
prepared by the method described below Oo^ignated SK01 and SK02, respectively, were 

5'-CAGGGAGCTAGAACQAT-3' (SK01) 
5'-CnCTGATCCTGTCTGA-3' (SK02) 

Sivlli^ola^ BH?oV°'"'^'' °' -'^'-ti^os 900 and ,006 of 

nucleoside denvatized con trolled pore 0^1. 'n nnor. '60.-1802) were sequentially condensed to a 
detrityla.ion with trichloroSe' c a4 n dicJo'nXnr' ^^"^'^^^^^ ^AM- , , The procedure included 

were determined by coileciion and ^nPr'ro^r.,.v =1— =^^1 wc'^a essentially quantitative and 
during d9•ri^/la•ion. spec.ro.copic examination of the dimethoxytrityl alcohol released 

B. Oligodeoxyribonucleotide Deprotection and Purification ProcPrinrp^- Tho e rn 
removed from the column and exDosPri to 1 ml r^^o ; '"rocedures. The solid support was 

for four hours in a closed tube iSrsuppLrt wa rS rPm n?" ^' temperature 

partially protected oligodeox ni e^drwarb St r55"'c or Th°" ""V' "'^'^'"'"^ 

=sr-r;om.rsif,::^^^^^^^^^^ 

".orescent Plate. The baniwrrcrreSZ^ 

was applied to an Altech RPis column and eluled with a 7-130/0 nrndion of ..ii. f 
ncetnte buffer a, pH 6.0. The elu.ion was monitored by ui absS," a 2^^^^^^^^^^^^ 
f-acon co„.cted. quantitated by UV absorbance in a Led ^^^^^ ::Z:::::^Z:':::^ 
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temperature in a vacuum contrifuge. 

C. Characterization of Oligodeoxyribonucleoiides: Test aliquots of the purified oligonucleotides were 
22p labeled with polynucleotide kinase and y-32p.ATP. The labeled compounds were examined by 
autoradiography of 14-20o/o poiyacrvtamide gels after electrophoresis for 45 minutes at 50 volls/cm. This 
5 procedure verifies the molecular weight. Base composition was determined by digestion of the 

oligodeoxyribonucleotide to nucleosides by use of venom diesterase and bacterial alkaline phosphatase 
and subsequent separation and quantitation of the derived nucleosides using a reverse phase HPLC 
column and a 10*^/o acetonitrile, lo/o ammonium acetate mobile phase. 

10 II. Amplification Reaction 

One microgram of DNA from each of the eleven coded DNA samples from Dr, Poiesz was added to 100 ul of 
buffer consisting of 10 mM Tris-HCI. pH 7.5. 50 mM sodium chloride and 10 mM magnesium chloride and 
containing 100 picomoles of Primer SK01. 100 picomoles of Primer SK02. and 150 nanomoles each of dATP. 
dCTP. dGTP and TTP. 

15 The resulting solution was heated to 100° C for 10 minutes and allowed to cool to room temperature for two 
minutes, whereupon 2 jil containing one unit of Klenow fragment of E. coii DNA polymerase added. The 
reaction was allowed to proceed for two minutes at room temperature, after which the enzyme was inactivated 
by heating at SS^'C for two minutes. The denaturation. primer annealing, and extension with Klenow. two 
minutes per step, and adding poiym.Grase were repeated nineteen times. 

::o 

III. Synthesis and Phosphorylation of Oligodeoxyribonucleotide Probe 

A labeled DNA probe, SK03, of the sequence: 
5-'AATCCTGGCCTGTTAGAAACATCAGAAG-3'. 

where * indicates the label, was synthesized according to the procedures described in Section 1, Tne probe 
25 was labeled by contacting 10 pmole thereof with 4 units of T4 polynucleotide kinase and 50 pmole y-^^p.^TP 
(about 7200 Ci/mmole) in a 40 p.1 reaction volume containing 70 mM Tris buffer (pH 7.6). 10 mM MgCl2. 1.5 mM 
spermine, and 2.5 mM dithiothreitol for 90 minutes at 37 'C. The total volume was then adjusted to 100 ul witti 
25 mM EDTA and an aliquot removed for determination of specific activity by TCA precipitation. The labeled 
probe was concentrated using a vacuum apparatus and purified by electrophoresis on a 18% polyacr/lamide 
30 gel in Tris-bortc acid-EDTA (TBE) buffer (89 mM Tris. 89 mM boric acid. 2.5 mM EDTA, pH 8.3) for 500 vhr. After 
localization by autoradiography, the portion of the gel containing the labeled probe was excised, crushed and 
cluted into 0.2 ml TE buffer overnight at 4''C. TCA precipitation of the reaction product indicated that the 
specific activity was 2 Ci/mmole and the final concentration was 20 pmolo/ml. 

J5 IV. Hybndizalion/Digesfion of Amplified Genomic DNA with Probe and BstNl 

Ten microliters of amplified DNA (containing the preamplification equivalent of 71 ng of genomic DNA) was 

dispensed into a 1.5 ml Microfuge tube and 20ul of TE buffer to a final volume of 30 uL The sample was 

denatured at 95^0 for 10 minutes. Ten microliters of 0.6 M NaCl containing 0.02 pmole of SK03 probe was 

added to the tube, mixed gently, overlayed with mineral oil, and immediately transferred to a 56^*0 heat block 
40 for one hour. Ten microliters of 50 mM MgClz and 1 ul of BstNl ( 1 0 units) were added and the reannealed DNA 

was digested for 30 minutes at 56° C. The reaction was stopped by adding 4 [i\ 75 mM EDTA and 6 \i\ tracking 

dye to a final volume of 60 1.1.I, 

The mineral oil was extracted with 0.2 ml chloroform, and 13 ul of the reaction mixture {— ng genomic DNA) 

v/as loaded onto a 30o/o polyacrylamide mini-gel in an electrophoresing apparatus. The gel was 
45 eiectrophoresed at approximately 300 volts for one hour until the bromphenol blue dye front migrated to 3.0 

cm off-origin. The top 1 .5 cm of the gei was removed and the remaining gel was exposed at least overnight with 

two intensification screens at -70°C. 

V. Discussion of Results 

50 The autoradiograph showed that the AIDS DNA sequence was only present in sample 363H. vyhich was later 
found to be the only HTLVIII positive DNA. The other ten samples were as follows: (a) 194BK ^ DNA from 
leukemia patient (no virus isolated), (b) 342 = HTLVl. (c) 367 = HTLVl. (d) 361 == HTLVI, (e) 207 - patient 
with aggressive leukemia (skin involvement), (f) 307 = HTLVl prototype cell line (highest viral DNA to date), (g) 
308B = HTLVl, (h) 323 = HTLVll, (i) 326 = HTLVl. and (j) 340 = patient with aggressive leukemia (different 

55 from (e)). 

Therefore, the primers employed were able to amplify the DNA to allow the probe to detect accurately the 
sequence. The other samples remained negative even with ten additional cycles of amplification. Amplification 
in the presence of 10% DMSO (minimizes secondary structure formation) at 37°C also indicated the HTLVIII 
sample as the only positive sample. 

60 

EXAMPLE 2 

In this example, the same procedure was followed as described in Example 1 except that the primers 
employed, designated SK24 and SK18, were as follows: 
5'-ATCCCAGTAGGAGAA-3' (SK24) 
65 5'-TTATGTCCAGAATGC-3' (SK18) 
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An alternative lo SK24 was the primer SK25 as (ollows- 

5--ATAATCCACCTATCCAGAA-3' (SK25) 

The probe employed. SKI 9, was o( the sequence'- 

S'--ATCCTGGGArrAAATAAAArAGTAAGAATGTATAGrCCTAC T 
whore • indicates the label The nrobe wa.; i-,hou < '^^--^ ■ 

prov.de ,or the amp.ificniion of rdro; i ^ ^ ^o^^ '"^ -'-'^c, to 

;.K18 were selected ,o provide for amplify., iXdl'Sliriof?^ "^ '° "^'^ of HTLVIIl. SK25 and 
HTLVIII. SK-,9. when annealed to the ampltied DNrrecon/tSo" n'.'L ""cleotides ,5..! to ,642 of 
releases a 4.-mer. ^'^consl.tutes a BmNI s.te. Digestion wiih this enzyme 

The autoradiograph for hybridization and restriction at ST'r w 
ound ,n Example 1. A background band appeanng"n al 'am^rn '""""^ '""L^"' ^^"^P"^ 

hybndtzation and restriction was raised to 60^ C fror^S- r th^ disappeared when the temperature of 
mmtmized non-specific hybridization of the probe '"creased temperature is presumed to have 

EXAMPLE 3 

using T4 DNA ligase. The oligomers ar¥lhowrin Fi^l o tk ' ^ ""^ ''9^''"9 overlapping oligomers 
BamH, Site of ,Ml3mp,0w which is com^^c:; J av'a^ ab e N^onTo "."hVS""' ^ '"'^ 

dosirea sequence. Howevor. u.,in, two c.one.s shLnto Figuro l (wl^n X 1 ^^^"onced had the exact 
>-lono wnh ihc correcr cequenc. was constructed hv^ h.,l ^ "'"'^""'^ 'ho gene) a 

M,3mp,0W:C7 with the Spel/8stXlfrng,nemofSoneMi3-n^nw Spel/BstXI fragment of done 

with Spel and BstXi. treaTHd wuFalkaline Phosph a'e an,l Imer v^.^ 13J^^^0W:C7 was digested 

an agarose gel. The Spel/BstXi DNA fragLnt from clone inl^f^^^^^^^ containing fragment purified from 
gel after double di^tioTT with the l.rne e°Z^°^^^^^ 

M13mp10W:D6 were ligated and transformed in!oT^nn.,r nnlo"" l^13mplOW:67 and 

Collection. The resulting clone, designated w ^ Sx^ American Type Culture 

.he ATCC on January 8. ,986 with ATCC No ,0 2,8 ''^^'"'^'^ deposed lim 

sa::re'-'a"r,s^o:s~^^^^^^^ 

5'-ATGAGAGAACCAAGG-3' (SK23) ^'^^"ce. 
5'-CCTTGTC1TATGTCCAG-3' (SK28) 



rXAMPLE -l 



E^;:;;'i:f .roTnt;=:Xod^ '^^ .^e method described in 

rcSAS^.TorT.3< ^^"-^ ^ - 3^^^^^^^^ °' ' - -•••f 

9SS.f:Sgrhe^pTl^rS;!rr^7°^^2sK^^ of HT.VIII. The 

37-C. bu, other^vise according to the procedure oflamr? Af " rr''"" °' -'^iQht at 

w.s used to dolec, the DNA, using the probe SKra fTpvl r'^ o"''"^ ' 
ambiguous samples we,e further an'aty^ed' S g t^fp 1' p^?!^^ 2'- '^"^ o' 

probe SK,9 at room temperature ^"'^ ^"^'^ o' Example 2 and using the 

f fnc s;;' =~r^T:vir, isirr^r:::^ r ^-^'^ .o^-ed 

Identified by Dr. Poiesz. In addition, an antibod pos n e reverse t^ntrinn'" ^"^^-^^^-^'^d virus (AAV) 
who has had multiple contacts with AIDS virtimi^w-,! 7 '^'^.'^^'^=^2, ''^^"scriptase negative, healthy homosexual 
- ---^3 and SK24.K,e P^^^e^^: — S ~ ^^^^^ 

.::^;:rer:in-T^rteTr;:r^- 

transcriptase. On the other hand, five samples wh.ch were '1^! e ,a^^^^^^^^^^^^ "'"'^ '"'.'^ "^9^'-^ by reverse 
= ) were negative by the test herein. All 7l samples proved to be F ""'""^ °' 5 were 

very discriminative or specific test for the AIDS virus ""^^ ^"^^ ^^°'"'"9 '^at ELISA is not a 

The above examples show that AIDS viral DNA ^-n 
semen mononuclear cells, and semen supernat^7s7r;;"pSien,VwTh''r,SL" AR^^ 
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Coded blood samples from AIDS patients were treated as follows by Dr. Poeisz: First, they were centrifuged 
using low-speed centnfugation (about 3000 x g) to pellet all the cells, thereby obtaining bufty coals. The buffy 
coats were passed through a Ficotl-Hypaque density column and the leukocytes were collected from the 
column. The DNA was extracted from the leukocytes by the procedure described in Example 1. 
5 The DNA was amplified using the primer pairs SK17 and SK18 described in Examples 2 and 4. respectively, 
in the presence of lOO/o DMSO by weight at 2T^C using the procedure described in Example 1 with 1 unit, 2 
units and 4 units of Klenow fragment. After amplification, the probes used, following the procedure of Example 
1, were either SK03 (of Example 1) or SK19 (of Example 2). Some of the ambiguous samples were further 
analyzed using the pNmer pair SK24 and SK18 of Example 2 and the probe SK19 at room temperature. 
. 10 The results after overnight exposure show that the DNAs isolated from some of the AIDS or ARC patients 
were identified as positive. 

The'experiment was repeated using primer pairs SK23 and SK28 (described in Example 3), and probe SK19 
(Example 2). The experiment was again repeated using primer pairs SK32 and SK33 having the sequences as 
follows: 

15 5'-ACCTGCCACCTGTAGTAG-3' (SK32) 

5'-GCCATATTCCTGGACTACAG-3' (SK33) " 
and using the probe SK34 of the sequence: 

5'-TAGTAGCCAGCTGTGATAAATGTCAGCTAAAAGGAGAAGCC-3' (SK34) 
The restriction enzyme Pvull was used to cleave the restriction site of SK34. 
20 The results from both experiments after a 6-day exposure period revealed that the DNAs isolated from some 
of the AIDS or ARC patients were identified as positive. 

EXAMPLE 6 

The desired sequences to be amplified were contained I;: a woodchuck hepatitis viral molecular clone from 
25 Chuck Rogler of Albert Einstein College of Medicine and a hurr.. n hepatitis B clone of the adw2 subtype with 
the insert pHBVI in pBR322 obtained from Stanford University a'-'i described by Sninsky et al.. Nature. 
279:346-348 (1979). ' ' 

The sequences to be amplified, the primers, and the probes were identified by the dot matrix. program as 
described above, wherein the sequence window selected was at least 20 base pairs long, so that the 
30 sequences were chosen within conserved regions of the hepadnaviruses. Regions of 20 contiguous bases of 
homology were located after pairwise comparisons of the sequenced viral genomes and variants thereof. 

I. Synthesis of Primers 

The following two oligodcoxyribonucieotide primers, designated MD03 and MD06. respectively, were 
35 prepared by the meifiod described in Example 1. Secrion I: 
5'-CTCAAGCTTCATCATCCATATA-3' (MD03) 
5'-CTTGGATCCTATGGGAGTGG-3' (MD05) 

These primers were selected from the polymerase gene of the hepadnaviruses. 

40 II. Amplification Reaction 

Ten pmoles of each ptasmid was added to 100 ul buffer consisting of 10 mM Tris-HCI. pH 7.5. 50 mM sodium 
chloride and 10 mM magnesium chloride and containing 100 picomoles of Primer MC03. 100 picomoles of 
Primer MD06. IOO/0 by weight DMSO. and 150 nanomoles each of dATP. dCTP. dGTP and TTP. 

The treatment of this resulting solution occurred as described in Example I. Section 11. using 25 cycles, 
45 except at 37° C instead of room temperature. 

ill. Synthesis and Phosphorylation of Probe 

A labeled DNA probe. MD09. of the sequence: 
5'--GGCCTCAGTCCGTTTCTCTTGGCTCAGTTTACTAGTGCCATTTGTTC-3' 
50 where ' indicates the label, was synthesized according to the- procedures described in Example 1. Section I. 
The probe was labeled as described in Example 1. Section III. 

IV. Hybridization/Digestion with Probe 

■ The procedure of Example 1, Section IV was followed for hybridization and digestion, except that Ddel was 
55 used as the restriction enzyme to cleave the probe. 

V. Results 

The autoradiogram shows that signals are generated using the primers herein as compared to a control 
(SG-t. which was deposited with the ATCC on March 19. 1985 and is an EBV-transformed B cell line 
60 homozygous for the sickle cell allele with no hepatitis genome), where no amplification took place. Therefore, 
amplification of the hepadnaviruses is possible using the technique herein. 

The results were the same when the above experiments were performed using, instead of pnmers MD06 
and MD03. the pnmers MD14 and MD13. as follows: 
5'-GCGGGATCCCATCTTCTTATTGGTTCTTCTGG-3' (MD14) and 
65 5'-GCGAAGCTTGTTAGGGTTTAAATGTATACCC-3' (MD13). 
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These primers were selected from .he envelope gene of the heoadnavi'ruses 
The lOllowing deposit was made on the date given: 

itiiiil Deposit Date ATCC No. 

■ January 8. 1936 40,213 

DeproSrTo"^^^^^ - -co,n,.,on o, ... 

Treaty).-.Thls assures maintenance of a vTb e culture or^GO v^^^^^^^^ rom h' ^^T"" '^"'^^P^^' 
made available by ATCC under the terrTof thP RnSnS, t / . 

Commfssioner s rules pursuant thereto /inriudinn ^7 r^zo -.u ^^^^^'^^'''y ubu ^1^^ and the 

assignee of the present applica^Tn agrees SVth^^ "'Tf ' '° °° "8). The 



Claims 



(d) determining if the sequence to be detected is present in the samole 
2. A process according to claim 1 wherein step (d) comprises the slops of- ' 

nuciiic^Sigu'etrand^' '''' ' '^'^'^^ "'^^^'^ °' '^^^^'^'^'^"^ ^^'^ amplified 

^^(2) determining whether the probe has hybridized to an amplified sequence ,n the nucleic acid 

the^^u'sTnThiVan^^^^^^^ '° ' °^ ' ^'^-^ '^^ ^^P'^ ^ '-^ed without f,rs, cultunng 

4. A process according to any one of claims 1-3 wherein the virus constit..rp<. aihq ■ 
hepadnaviruses. or herpesvirus. constitutes AIDS viruses. 

5- A process according to claim 4 wherein steos fbi .md {r\ ;:.ro rooo=.t^H » i 

6. A process according to any one of claims 1 -5 wherein said nucleic acid is ONA 

7. A process according to any one of claims 1 -5 wherein said nucleic acd ,s RNa' 

sLiT<^:::ZZT, '::iZ TZ:0^:T '^^'Vmer.a.lon . an en.y.e 

polymerase I, reverse transcdo sror an en.^^^^ °' 

denature nucleic acids retains ,t<; Pnrvml,,; - , ! '^^'"^ exposed to a temperature sufficient to 

reaction durSg steps ^aTScMc) ' ' '° ^' '^^ '--P-3.uro of 

y. A p.ocess according to claim 2 wherein step (2) comprises the steps of • 

(1) digesting the hybridized mixture from step (d) with i m'-ir.rtinn 

^i^yj [ui wim a rojiriction enzyme recognizing a site 



0 229 701 



wiihin the sequences in the probe; and 

(2) detecting whether the restriction digest contains a restriction fragment correlated with the 
presence of the virus sequence to be detected. 
10. A process according to claim 9 wherein the virus constitutes the AIDS viruses and steps { 1 ) and [2) 
5 utilize a positive control containing one or more nucleic acids with a sequence of the AIDS viral genome 

and/or a negative control which does not contain any nucleic acid(s) with a sequence from among the 

AIDS isolates. 

n. A process according to claim 2 wherein step (1) comprises the steps of: 
(1) spotting the product of step (c) on a membrane; and 
JO (2) adding the probe to the spotted membrane. 

12. A process according to claim 2 wherein step ( 1 ) comprises the steps of; 

( 1 ) sporting the probe on a membrane; and 

(2) adding the product of step (c) to the spotted membrane. 

13. A composition containing an amplified nucleic acid sequence which is substantially conserved 
15 among the isolates of a virus and specific to the nucleic acid in a virus produced by: 

(a) treating a sample containing said nucleic acid sequence in unamplified form, together or 
separately, with an oligonucleotide primer for each strand of the nucleic acid sequence, four different 
nucleoside triphosphates, and an agent for polymerization, under hybridizing conditions, such that 
for each strand of the nucleic acid sequence an extension product of each primer is synthesized 

20 which is substantially complementary to each strand of the nucfeic acid sequence being detected or 

monitored, such that the extension product synthesized from one primer, when it is separated from 
its complement, can serve as a template for synthesis of the extension product of the other primer; 

(bl separating the primer extension products from the templates on which they were synthesized 
to produce single-stranded molecules; and 

25 (c) treating the product of step (b) with oligonucleotide primers such that a primer extension 

product is synthesized using each of the single strands produced in step (b) as a template, resulting 
in amplification of the nucleic acid sequence. 

14. A composition according to claim 13 wherein said virus constitutes the AIDS viruses or the 
hepadnaviruses. 

30 15, A kit for detecting or monitoring for the presence or absence of a nucleic acid sequence which is 

substantially conserved among the nucleic acids in a virus and specific to the nucleic acids in a virus and 
which nucleic acid sequence is suspected of being contained in a sample, which kit comprises: 

(a) an oligonucleotide primer for each strand of the nucleic acid sequence to be detected, which 
primer or primers are substantially complementary to each strand of each specific nucleic acid 

35 sequence such that an extension product synthesized from one primer, when it is separated froin its 

complement, can serve as a template for the synthesis or the extension product of the other primer; 
and 

(b) a labeled probe capable of hybridizing with the nucleic acid sequence. 

16. A kit-according to claim 15 wherein said virus constitutes the AIDS viruses or the hepadnaviruses. 

17. A kit according to claim 15 or 16 further comprising an agent for polymerization, each of four different 
nucleoside triphosphates, and a means for detecting^hybrids of said probe and said sequence. 

18. A kit according to any one of claims 15-17 wherein the virus constitutes AIDS viruses and the kit 
further comprises a positive control containing one or more nucleic acids with a sequence of the AIDS 
viral genome and/or a negative control which does not contain any nucleic acid(s) with a sequence from 

45 among the AIDS viruses, and one restriction enzyme capable of cleaving a nucleic acid containing the 

suspected sequence at a specific restriction site contained in a sequence in the probe. 



50 



55 



60 



65 



0 2 2 9701 







FIG. 1 


















gag 


Q(sor) 


eny 


F(3'0RF) 


LTR 


1 T 






LTR 




! 1 

- — ' l_ 







t 1 
SKO I SKI 7 I 




SKIS* SK28 



^= LABEL 



r 

Q 2 2 9 7 0 1 



FIG. 2 

I SK07 : I 

5'GATCCGAGAGAACCAAGGGGAAGTGACATAGCAGGAACTACTAGTACC 

GCTCTCTTGGTTCCCCTTCACTGTATCGTCCTTGATGATCATGG 
I -3,^ , g . 1 

SK08 — —I 

CTTCAGGAACAAATAGGATGGATGACAAATAATCCACCTATCCCAGT 

GAAGTC CTTGTTTATCCTACCTACTGTTTATTAGGTGGATAGGGTCA 
\— SK I 5 H 

SK09 j ^ 

AGGAGAAATCTATAAAAGATGGATAATCCTGGGATTAAATAAAATA 

TCCTCTTTAGATA TTTTCTACCTATTAGGACCCTAATTTATTTTAT 
■ SKI4 I 

CATTCT TACATATCGGGATGGTCGTAAGACCTGTATTCTGTTCCCCTAG 
SKI3 \ — SKI2 1 



022970 1 



Bst xr ^ I 



FIG. 3 



Bam HI 



Bam HI 




fisi xr 

Spe I 

ALKALINE 
PHOSPHATASE 

GEL 

PURIFICATION 



Spe I Bst XI 

^ Bam HI 




Bst XI 
^ Spe I 

GEL 

^ PURIFICATION 



Bst XI 



Spe I 




Bst XI 



Bst XI 
Bam HI 




LIGATION AND TRANSFORMATION 

Spe I 



Bam HI 



0 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication num 



oer: 



© EUROPEAN PATENT APPLICATION 

© Application number: 87300203.4 
@ Date of filing: 09.01,87 



0 229 701 

A3 



© Int. CI.S:C12Q 1/70 , C12Q 1/68 
//G01N33/569,G0lN33/576' 



® Priority: 10.01.86 US 818127 
26.11.86 US 935581 
26.11.86 US 934955 

© Date of publication of application; 
22.07.87 Bulletin 87/30 

® Designated Contracting States; 

AT BE CH DE ES FR GB IT LI LU NL SE 

© Date of deferred publication of the search 
07.03.90 Bulletin 90/10 



report; 



© Applicant; CETUS CORPORATION 
1400 Fifty-Third Street 
Emeryville California 94608(US) 

© Inventor; Sninsky, John Joseph 
4924 Thunderhead Court . 
El Sobrante California 94803(US) 
Inventor: Kwok, Shirley Lee 
611 Lomond Circle 
San Ramon California 94563(US) 
Inventor; Mack, David Henry 
1458 Hopkins Street No. 1 
Berkeley California 94702(US) 

© Representative: Bizley. Richard Edward et al 
BOULT. WADE & TENNANT 27 FOrnival Street 
London EC4A 1PO(GB) 



© Detection of viruses by amplification and hybridizat 

© The presence or absence of a nucleic acid se- 
quence associated with one or more related viruses 
in a sample containing one or more nucleic acids 
and suspected of containing such sequence can be 
detected by amplifying the sequence using primers 
to form extension products as templates and detect- 
ing the amplified product if it is present. This may 
oe accomplished by adding a labeled hybridization 
probe to the amplified product either free in solution 
CO or after immobilization on a solid suoport. Preferably 
<the virus constitutes AIDs viruses and heapd- 
naviruses. 

O 
CM 



ion. 



a. 

tu 



•<err]x CoDv Cunitf. 



Kurnpcan Patent 

omce 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Application Number 



EP 87 30 0203 
Page 1 



Ci(ntinn of document with Indication, where approprinte» 
of relevant paKxages 



Relevant 
to claim 



CLASSIFICATION OF TMF. 
ArrUCATlON (Int. OA ) 



EP-A-120658 (J.A.WEBSTER) 

* page 10. 1 f nes 9 - 28 

* page 15. lines 4 - 15 * 

* page 21 , 1 t nes 2 - 13 

* page 51. line 4 - page 54, 1 1 ne 20 



Science 

vol. 230. no, 4732. 20 December 1985. WASHINGTON 
US 

pages 1350 - 1354; R.K.Salkl et a1.: 
"Enzymatic amplification of beta-globin genomic 
sequences and restriction site analysis for 
diagnosis of sickle cell aneamia" 
* the whole document * 

Clinics In Laboratory Medicine 
vol. 5, no. 3. September 1985. USA 
pages 513 - 529; M.L.Landry: 

"Nucleic add hybridization 1n the diagnosis of 
viral Infections" 

the whole document * 



EP-A-62286 (ALBERT EINSTEIN COLLEGE OF MEDICINE 
or YESHIVA UNIVERSITY) 

* page 2. line 9 - page 4, line 14 * 

* page 23. line 10 - page 34, line 10 * ^ 

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES 
OF USA. 

vol. 81. no. 14. July 1984. WASHINGTON US 
pages 4544 - 4548; G.M.Shaw et al.: 
"Genomes of evol utionarlly divergent members of 
the human T-cell 1 eukemi av 1 rus family (HTLV-I 
and HTLV-II) are highly conserved, especially In 
pX" 

* the whole document * 



The present search report has been drawn up for all claims 



C12Q1/70 
C12Q1/68 
//G01N33/569 
//G01N33/576 



2. 4, 6, 

7 



4-7, 11, 

12 

1-5 



1. 4. 5 



TIXHNICiVJ. RKUDS 
SEARCHED (Int. CL4 ] 



C12Q 
C12N 



Place of uarch 

BERLIN 



Da(e o( comptcdon of the searcti 

27 NOVEMBER 1989 



Examiner 

DE KOK A.J. 



CATEGORY OF CITED DOOJMENTS 

X : particularly relevant if taken alone 

V : particularly relevant if combined wi(h another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after (he filing date 
1) : document cited in the application 
L : document cited for other reasons 

^ : member of the same patent family, corresponding 
document 



Rii, 



onricc 



EUROPEAN SEARCH 



REPORT 



I Cnrc«ory 



. ^ilSiSl^Ilpa^OKJ" •''Pn'-''Prb,c. 

CLINfCAL CHEMISTR^^ "^^ " 

^''gnosis" ^"'^ to pflthologfc 

page 809 • 



to c/nim 



BIOTECHNOLOGY 

-"•^^ 1008. Hne iOO - p,', ' 

* DAna T t . ^ 



9, 18 



If no . 



CELL 

PROCEEDINGS OF TUF wattoI 

^^^fO^-^L ACAOE^,Y OF SCIENCES 



1-^ 



I. 2 



1-^ 



I-I8 



BERLIN 



o 



27 NOVEMBER 1989 




OE KOK A.J. 



f the fifing • ' P^bt'^hcd on. or 
* • member of rfie cT^ ' 



J) 



European Patent 



EUROPEAN SEARCH REPORT 



Application Number 



nnrilMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document \vith indication, wlicrc appropriate, 
of relevant passages 



JOURNAL OF VIROLOGY 

vol. 61, no. S, May 1987. BALTIMORE US 
pages 1690 - 1694; S.Kwo*c et a1 . : 
"Identification of human Immunodeficiency virus 
sequences by using in vitro enzymatic 
amplification and ongomer cleavage" 
* the whole document * 



Relevant 
to claim 



1-18 



EP 37 30 0203 
Page 3 



CLASSIFICATION OF TMK 
APmCATION On»- CI.4 ) 



TECHNICAL HELDS 
SEARCHED (Tnt. OA ) 



The present search report has been drawn up for all claims 



Place of snrch 

BERLIN 

CATEGORY OF QTED DOCUMENTS 

particularly relevant if taken alone 
paniculariy relevant if combined with another 
document of the same category 

; technological background 

: non-nritten disclosure 

: intormcdiate document 



Date of compJftlon of ihe starth 

27 NOVEMBER 1989 



Eximlner 

DE KOK A.J. 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing dale 
D : document ciled in the application 
L : document cited for other reasons 

i*Tmcm'ber*orthc 5ame^ family, corresponding 

document 



AjNNEX to the international search report 

ON international patent application no. nl 9100009 

SA 43676 

This innex lists the patcn( family members reiaring to the patent documents cited in the above-mentioned international search report. 
The members are as contained in the European Patent OfTlce EDP file on 31/05/91 

The European Patent Office is in no way liable for these particulars which arc merely given for (he purpose of information. 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


mctnber<s) 


date 


WO-A- 8806634 


07-09-88 


AU-A- 


1393888 


26-09-88 






EP-A- 


0357611 


14-03-90 


WO-A- 8902934 


06-04-89 


AU-A- 


2785589 


18-04-89 






EP-A- 


0338067 


25-10-89 






JP-T- 


2501442 


24-05-90 



I 

O 

a. , 

O 

i For more dctaiis about this annex : see OfHcsmt Jounssi of the European Patent OfUcc, No. 12/82 



